(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 

Office eur p6en des brevets (11) EP 0 924 549 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.06.1999 Bulletin 1999/25 

(21) Application number: 98123742.3 

(22) Date of filing: 14.12.1998 



(51) int. CI. 6 : G02F 1/1335, F21 V 8/00 



(84) Designated Contracting States: 


(72) Inventor: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Suzuki, Shingo 


MCNLPT SE 


c/o Minebea Co., Ltd. R&D Center 


Designated Extension States: 


Iwata-gun, Shizuoka-ken (JP) 


AL LT LV MK RO SI 






(74) Representative: 


(30) Priority: 1 7.1 2.1 997 JP 34764897 


Patentanwarte 


Schaad, Balass, Menzl & Partner AG 


(71) Applicant: MINE BE A CO., LTD. 


Dufourstrasse 101 


Kitasaku-gun Nagano-ken (JP) 


Postfach 




8034 Zurich (CH) 



(54) Transparent and spread illuminating apparatus 

(57) In a transparent and sheet-shaped lighting 
apparatus 1 disposed so as to cover a surface F of a 
member to be illuminated 51, a light source lamp 4 is 
disposed along a side end surface 3 of a transparent 
substrate 2 made of a translucent material, and a plural- 
ity of grooves 1 1 which are substantially triangular in 
section are formed in parallel with an axial direction of 
the light source lamp 4 are formed. In this structure, 
since the amount of light caused by the reflection on the 
grooves 1 1 and the amount of light depending on a dis- 
tance from the light source lamp 4 become equal to 7"^ 
each other on the entire back surface 8 of the transpar- 
ent substrate 2, the light emitted from the light source 
lamp 4 progresses in the transparent substrate 2 and 
also goes out from the back surface 8 to enter the mem- 
ber to be illuminated 51 , thereby to illuminate a screen. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a transparent 
and spread illuminating apparatus which is integrated 
with a display unit used as a front-face illuminating 
means of a variety of reflection type display units, and 
more particularly to a transparent and spread illuminat- 
ing apparatus used as a front-surface illuminating 
means for a reflection type liquid-crystal display unit. 

2. Background of Related Art 

[0002] A liquid-crystal display unit operable with a low 
power consumption has been demanded increasingly 
for display units mainly applied to computers since it is 
thin in configuration, light in weight and so on. Because 
liquid crystal which is a structural element of the liquid- 
crystal display unit emits no light by itself, an illuminating 
means for illuminating an image is required, which is dif- 
ferent from a light emission type device such as a CRT 
In particular, in the circumstances where a demand of a 
fine and colored image in high level is increased 
recently, a structure in which a liquid-crystal display unit 
is backed with a high luminance spread light source is 
usually used. However, since in order to illuminate the 
spread light source, an excessive electric power is 
required, there occurs such a problem that the feature of 
liquid crystal having a low electric power consumption is 
lessened. 

[0003] In particular, a portable liquid-crystal device 
frequently used with the advantages of the liquid-crystal 
display unit thin in configuration and light in weight has 
a drawback that the consumption of an internal electric 
power becomes increased due to the illumination of the 
spread light source which is provided in the liquid-crys- 
tal display unit to remarkably shorten a period of illumi- 
nating time for using it as the portable device. 
[0004] In order to solve the above problem, there has 
been developed a reflection type liquid-crystal device 
that may operate by employing ambient light as an illu- 
minating means even rf no spread light source is pro- 
vided. 

[0005] An example of the most basic structure of the 
reflection type liquid-crystal device is shown in Fig. 10. 
A reflection type liquid-crystal display device 51 is 
designed in such a manner that transparent electrodes 
53a and 53b are formed on opposite surfaces of a pair 
of glass substrates 52a and 52b, respectively, the trans- 
parent electrode 53b on a back surface B side (a lower 
side in Fig. 10) is patterned, and switching elements 54 
are connected to the patterned transparent electrode 
53b, respectively, to display a desired image. 
[0006] Moreover, a space between the transparent 
electrodes 53a and 53b is filled with a liquid-crystal 



material 55. Also, a color filter 56 is disposed between 
the glass electrode 52a and the transparent electrode 
53a which are on a side of an observation face F (an 
upper side in Fig. 10). Polarizing plates 57a and 57b are 

5 disposed on the other surfaces of the glass substrate 
52a and 52b where no transparent electrodes 53a and 
53b are provided, respectively. In addition, there is pro- 
vided a high-efficiency reflector 58 that covers the polar- 
izing plate 57b on the back surface B side. 

io [0007] In the reflection type liquid-crystal device 51 
thus structured, by reflecting incident light to the reflec- 
tor 58 disposed on the back surface B from the sur- 
roundings, a screen is brightly irradiated to enable to 
observe an image. 

75 [0008] In the reflection type liquid-crystal device 51 
thus structured, since the incident light to the reflector 
58 disposed on the back surface B from the surround- 
ings is reflected so as to be irradiated onto a screen, its 
display quality depends on the ambient brightness. 

20 [0009] In particular, under the circumstance where the 
image is required to be high in quality, in the reflection 
type liquid -crystal devices of color display which are 
increased in demand, the reflection rate is generally 
lower than that of monochrome liquid crystal because of 

25 the provision of a color filter and the like, and therefore 
in the case where a brightness is not ensured in the sur- 
roundings and the luminance of the screen is insuffi- 
cient, it becomes necessary to provide an auxiliary 
illumination for increasing the amount of an incident 

30 light to the reflector 58 in order to observe the image. 
The auxiliary illumination may be a table lamp or the 
like. However, it is troublesome always cany the illumi- 
nating apparatus to use it as the auxiliary illumination 
and the color-display reflection type liquid-crystal device 

35 cannot be used in the environment where the amount of 
the incident light to the reflector 58 is insufficient result- 
ing in a great loss of the advantages of the portable 
device. 

40 SUMMARY OF THE INVENTION 

[001 0] The present invention has been made to solve 
the above problems, and therefore an object of the 
present invention is to provide a transparent and spread 

45 illuminating apparatus which is structured to be inte- 
grated with a reflection type liquid-crystal display 
device, thereby being capable of being used without 
requiring the auxiliary lighting and also without being 
influenced by the brightness of surroundings, and fur- 

so ther being easy to carry it low in electric power con- 
sumption. 

[0011] In order to solve the above problems, accord- 
ing to a first aspect of the present invention, there is pro- 
vided an illuminating apparatus disposed closely to a 
55 member to be illuminated so as to cover a front surface 
of the member to be illuminated, characterized in that a 
light source lamp is disposed closely along at least one 
side end surface of a transparent substrate made of a 
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translucent material, a large number of grooves which 
are substantially triangular in section are formed in par- 
allel with an axial direction of said light source lamp to 
provide a light reflection pattern consisting of said 
grooves and flat portions, and said grooves are defined 5 
in such a manner that the combined amount of light 
being caused by the reflection at said grooves and 
depending on a distance from said light source lamp 
become identical everywhere on the back surface of 
said transparent substrate. 10 
[0012] According to a second aspect of the present 
invention, there is provided an illuminating apparatus 
characterized in that said member to be illuminated 
comprises a reflection type liquid-crystal display device. 
[0013] According to a third aspect of the present is 
invention, there is provided an illuminating apparatus 
characterized in that said light reflection pattern is 
formed in such a manner that the ratio in width of said 
grooves and said flat portions becomes larger as said 
grooves are separated from the light source lamp in the 20 
case where the depth of the respective grooves is con- 
stant, and the depth of the grooves becomes deeper as 
the grooves are apart from the light source lamp in the 
case where the widths of the flat portions are constant, 
or the light reflection pattern is formed by the combining 25 
the above with each other. 

[0014] According to a fourth aspect of the present 
invention, there is provided an illuminating apparatus 
characterized in that said light reflection pattern is 
formed in such a manner that the width of said grooves 30 
is 1 .5 times as large as the width of said flat portions, or 
less. 

[001 5] According to a fifth aspect of the present inven- 
tion, there is provided an illuminating apparatus charac- 
terized in that said grooves are formed in such a manner 35 
that an angle of inclination of one inclined face of the 
grooves which is closer to the light source lamp is set at 
35 0 to 55 0 and an angle of inclination of the other 
inclined face of the grooves which is opposite to said 
one inclined face is set at 60 0 to 90 °. 40. 
[0016] According to a sixth aspect of the present 
invention, there is provided an illuminating apparatus 
characterized in that said grooves are formed in such a 
manner that the angles of valley portions which corre- 
spond to the angles of the apex of the grooves which 45 
are triangular in section are constant. 
[0017] According to a seventh aspect of the present 
invention, there is provided an illuminating apparatus 
characterized in that the intensity of light emission from 
said light source lamp is adjustable. so 

BRIEF DESCR IPTION OF THE DRAWINGS 

[0018] These and other objects, features and advan- 
tages of this invention will become more fully apparent ss 
from the following detailed description taken with the 
accompanying drawings in which: 



Fig. 1 is a cross-sectional view showing the struc- 
ture of a transparent and spread illuminating appa- 
ratus in accordance with the present invention; 
Figs. 2A to 2C are enlarged views showing a light 
reflection pattern shown in Fig. 1, respectively; 
Fig. 3 is a schematic view for explanation of a light 
progressing state; 

Fig. 4 is a schematic view for showing an ambient- 
light progressing state; 

Fig. 5 is a cross-sectional view showing the struc- 
ture of a transparent and spread illuminating appa- 
ratus different from that of Fig. 1 ; 
Fig. 6 is a cross-sectional view showing the struc- 
ture of a transparent and spread illuminating appa- 
ratus different from that of Fig. 5; 
Ftg. 7 is a schematic diagram for explanation of a 
luminance measuring method; 
Fig. 8 is a schematic diagram for explanation of a 
luminance measuring method different from that of 
Fig. 7; 

Fig. 9 is a table showing the luminance measure- 
ment results; and 

Fig. 10 is a cross-sectional view for explanation of 
the structure of a reflection type liquid-crystal 
device. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0019] Now, an explanation will be given in more detail 
of preferred embodiments of the present invention with 
reference to the accompanying drawings. 
[0020] A transparent and spread illuminating appara- 
tus 1 in accordance with a first embodiment of the 
present invention will be described with reference to the 
accompanying drawings. As shown in Fig. 1, the trans- 
parent and spread illuminating apparatus 1 is disposed 
so as to cover an observation face F of a reflection type 
liquid-crystal device 51 described in Fig. 10. The trans- 
parent and spread illuminating apparatus 1 is structured 
in such a manner that a light source lamp 4 is disposed 
at a predetermined distance along one side end surface 
3 of a transparent substrate 2 which is made of acrylic 
resin and substantially rectangular in section, and a** 
lamp reflector 5 is also disposed so as to cover the light 
source lamp 4. Further, a reflector film 7 is disposed in 
close contact with the other side end surface 6 which is 
opposite to the one side end surface 3. An adhesive or 
the like may be used to surely fix the reflector film 7 onto 
the side end surface 6. ^ 
[0021] In the present embodiment, it is assumed that, 
in Fig. 1 . one surface of the transparent substrate 2 
which is faced to the reflection type liquid-crystal device 
51 is referred to as a back surface 8, and its opposite 
surface (a lower side in Fig. 1) which is on an observa- 
tion face (screen) side is referred to as a front surface 9. 
[0022] On the front surface 9 of the transparent sub- 
strate 2, a light reflection pattern 10 is formed. The light 
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reflection pattern 10 is made up of a large number of 
grooves 1 1 which are substantially triangular in section 
and a large number of flat portions 12 adjacent to the 
grooves 1 1 . 

[0023] As shown in Figs. 2A to 2C which are enlarged 
views of regions A, B and C circled by a dotted line in 
Fig. 1, respectively, intervals between the grooves 11 
are different from each other in accordance with loca- 
tions so that a light entering the observation face F of 
the reflection type liquid-crystal device 51 has uniform 
brightness without being influenced by a distance from 
the light source lamp 4. In other words, as shown in 
Figs. 2A to 2C, a large number of grooves 1 1 are formed 
so as to be in parallel with the axial direction of the light 
source lamp 4 to make the depths of the grooves 1 1 
constant Also, the grooves 1 1 are formed such that the 
number of grooves 11 increases more and the width of 
the flat portions 1 2 is narrowed gradually as the grooves 
1 1 are located far from the light source lamp 4 (toward 
left-side in Fig. 1). 

[0024] Now, the light entering the reflection pattern 1 0 
among the light emitted from the light source lamp 4 and 
entering the transparent substrate 2 is divided into the 
light reflected by the grooves 1 1 and the light reflected 
by the flat portions 12. Since most of the light reflected 
by the grooves 11 is small in angle of incidence to the 
back surface 8 of the transparent substrate 2. it is outgo- 
ing from the transparent substrate 2. On the other hand, 
since most of the light reflected by the flat portions 12 is 
large in angle of incident to the back surface 8, it is 
reflected by the back surface 8 to return to the interior of 
the transparent substrate 2. Therefore, the amount of 
light outgoing from the back surface 8 of the transparent 
substrate 2 increases more as the number of grooves 
1 1 increases. 

[0025] On the other hand, the light is great in lumi- 
nance as it is close to the light source lamp 4, and the 
luminance is lowered in proportion to a distance from 
the light source lamp 4. 

[0026] Therefore, the transparent and spread illumi- 
nating apparatus 1 of the present invention is formed in 
such a manner that the number of grooves 1 1 increases 
in proportion to the distance from the light source lamp 
4, so that the light reflection pattern 10 is formed such 
that the amount of the light outgoing from the back sur- 
face 8 of the transparent substrate 2 which is formed by 
combining the amount of light caused by the reflection 
on the grooves 1 1 and depending on a distance from 
the light source lamp 4 becomes uniform anywhere on 
the back surface 8. 

[0027] Hereinafter, in order to limit a sectional form of 
the groove 1 1 , the progressing state of the light entering 
the light reflection pattern 10 will be described in more 
detail. In the present embodiment, it is assumed that a 
portion corresponding to a base of an triangle of the 
sectional groove 1 1 is a virtual plane S, an angle of incli- 
nation of the inclined face 1 3 of the triangle close to the 
light source lamp 4 (right side in Fig. 3) is a, and an 



angle of inclination of the inclined face 14 closer to the 
side end surface 6 (left side in Fig. 3) is p. 
[0028] The angle of inclination a is determined so that 
the light 15 outgoing from the light source tamp 4 and 

5 progressing toward the inclined face 13 is totally 
reflected on the inclined face 13. The light 15 
progresses toward the back surface 8 after being totally 
reflected on the inclined face 13. and goes out from the 
transparent substrate 2 because of a small angle of inci- 

10 dence. The angle of inclination a of the inclined face 13 
is appropriately selected so that the outgoing direction 
of the light 15 is set to a direction in which a display 
becomes the brightest, taking the characteristic of the 
reflection surface of the reflection type liquid-crystal 

is device 51 which is the member to be illuminated into 
consideration. 

[0029] The direction in which the display becomes the 
brightest is generally the case where an incidence to the 
observation face F of the reflection type liquid-crystal 

20 device 51 is perpendicular to the display. Therefore, in 
order to make the light 15 progress perpendicularly to 
the observation face F of the reflection type liquid-crys- 
tal device 51 , it has been proved through experiments 
that the angle of inclination a is set within a range of 

25 from about 35 ° to 55 °. The optimum angle of inclination 
a must be appropriately selected for each of the 
grooves 1 1 since the angle of incidence of the light 1 5 to 
the inclined face 13 changes in accordance with the 
size of the transparent substrate 2 and the position of 

30 the respective grooves 1 1 . 

[0030] On the other hand, the angle of inclination p of 
the inclined face 14 is designed with taking into consid- 
eration a light 16 which is incident to the inclined face 13 
of the side close to the light source lamp 4 at a critical 

35 angle or less, passes through the inclined face 13 and 
again progresses in the interior of the transparent sub- 
strate 2 from the inclined face 14. As shown in Fig. 3, 
the light 16 is incident to the inclined face 13 of the 
groove 1 1 at a critical angle or less, and most of the light 

40 passes through the inclined face 1 3 and is made outgo- 
ing from the transparent substrate 2 once. The angle of 
inclination p is set in such a manner that the light 16 out- 
going from the transparent substrate 2 again enters the 
transparent substrate 2 and is further incident to the 

45 inclined face 1 3 of the adjacent groove 1 1 . The light 1 6 
again progresses in the interior of the transparent sub- 
strate 2, is totally reflected on the inclined face 13 of the 
groove 1 1 , and then goes out from the back surface 8 of 
the transparent substrate 2. Also, although being omit- 
so ted in the drawing, the light is made outgoing from the 
transparent substrate 2 after passing through the 
inclined face 13 depending on the entering position and 
the angle of incidence of the light to the inclined face 1 3. 
[0031 ] An experiment proves that the angle of indina- 

55 tion is set within a range of from about 60 ° to 90 ° in 
order to realize the above progressing path of the light 
16. However, the angl of inclination must be appropri- 
ately set for each of the grooves 1 1 because their opti- 
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mum configurations are different depending on the 
positions of the respective grooves 1 1 similarly as the 
above-mentioned angle of inclination a, and is also set 
with taking the value of the angle of inclination a into 
consideration. s 
[0032] Also, a light 17 entering the flat portion 12 is 
totally reflected on the flat portion 12 and progresses 
toward the back surface 8 side. Further, the light 17 is 
totally reflected on the front surface 9 and again 
progresses toward the back surface 8 side. Then, in the 10 
case where the light 1 7 arrives at the groove 11, the 
light 17 is totally reflected on the inclined face 13 as 
described above and finally goes out through the back 
surface 8. On the other hand, in the case where the light 
17 arrives at the flat portion 12, the light 17 is totally is 
reflected on the flat portion 12 and also progresses in 
the interior of the transparent substrate 2 while being 
separated from the light source lamp 4 and totally 
reflected on the back surface 8. 

[0033] Accordingly, in the case where the width of the 20 
flat portion 1 2 is large, the amount of light progressing in 
the transparent substrate 2 becomes large, and the 
amount of light outgoing through the back surface 8 
becomes small. 

[0034] In other words, by forming the width of the flat 25 
portion 12 relatively largely at a portion close to the light 
source lamp 4 where the amount of light is large, the 
ratio of the light progressing in the transparent substrate 
2 is increased, thereby the amount of light outgoing 
from the back surface 8 is reduced close to that portion. 30 
On the other hand, in the vicinity of the side end surface 
6 that is far from the light source lamp 4, because the 
amount of light from the light source lamp 4 becomes 
small, the width of the flat portion 12 is reduced to 
increase the amount of light outgoing from the back sur- 35 
face 8. In this way, by forming thus the light reflection 
pattern 10, the amount of light outgoing from the back 
surface 8 can be made uniform. 
[0035] Since the light can be made to progress in 
desired directions by setting the angle of inclination a, 40 
the angle of inclination p and the width of the flat por- 
tions 12 as described above, the amount of light outgo- 
ing through the back surface 8 becomes uniform without 
being influenced by a distance from the light source 
lamp 4. Therefore, the observation face F of the reflec- 45 
tion type liquid-crystal device 51 can be illuminated by 
the light with uniform brightness. Further, because the 
amount of light emitted through the surface 9 of the 
transparent substrate 2 is very slight, nearly all of the 
light entering the transparent substrate 2 emits from the so 
back surface 8 in order to lighten the reflection type liq- 
uid-crystal device 51, thereby enabling to illuminate it 
with a high efficiency. 

[0036] Fig. 4 schematically shows the progressing 
path of ambient light L when the transparent and spread ss 
illuminating apparatus 1 of the present invention is dis- 
posed on the reflection type liquid-crystal display device 
51. 



[0037] Although the light reflection pattern 10 is 
formed on the front surface 9 of the transparent sub- 
strate 2, because the area of the flat portions 12 is 
larger than that of the grooves 1 1 , this arrangement may 
be deemed equivalent to an arrangement in which a 
transparent flat plate is disposed on the observation 
face F of the reflection type liquid-crystal display device 
51. Therefore, the progressing state of the ambient light 
L can be considered to be the same as in the case 
where the light passes through the transparent flat plate 
on which the light reflection pattern 10 is not formed. 
Hence, the transparent and spread illuminating appara- 
tus 1 of the present invention does not impede that the 
ambient light is irradiated onto the observation face F 
with the reflector 58 (refer to Fig. 10) equipped in the 
reflection type liquid-crystal device 51. Therefore, in 
case of the reflection type liquid-crystal display device 
51 having the transparent and spread illuminating appa- 
ratus 1 of the present invention, the display can be 
observed even in a state where the light source lamp 4 
is turned off when the surroundings are bright, that is, 
and the ambient light L is sufficient. Further, in the case 
of taking the progressing state of the ambient light L into 
consideration, it has been proved through experiments 
that the width of the grooves 1 1 is set to be 1 .5 times as 
large as the width of the flat portion 12, or less, in order 
to make the transparent substrate 2 having the light 
reflection pattern 10 play the same effect as the trans- 
parent plate on which the light reflection pattern is not 
formed. 

[0038] Further, in the transparent and spread illumi- 
nating apparatus 1 of the present invention, the light 
emitted from the light source lamp 4 and the ambient 
light L can be used as the illuminating source of the 
reflection type liquid-crystal device 51 . In this case, the 
intensity of the light emitted from the light source lamp 4 
is adjusted in accordance with the intensity of the ambi- 
ent light L, thereby being capable of obtaining an opti- 
mum illuminating environment and also- since the 
amount of light emitted from the light source lamp 4 can 
be reduced at the minimum as required, the electric 
power consumption can be remarkably reduced. 
[0039] In the above-described transparent and spread 
illuminating apparatus 1 in accordance with the present 
invention, a process of forming the grooves 1 1 of the 
light reflection pattern 10 can be made by grinding due 
to a diamond turning tool. In this process, since the turn- 
ing tool for machining is employed while being fixed, an 
angle of a valley corresponding to a vertical angle of the 
groove 11 which is substantially triangular in section 
becomes constant. For that reason, the sum of the 
angle of inclination a and the angle of inclination 0 are 
always kept constant. However, the angle of inclination 
a and the angle of inclination (3 are formed so as to be 
appropriately changed within a limit that a desired pro- 
gressive state of the light can be obtained, thereby 
being capable of realizing the more efficient spread illu- 
mination. 
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[0040] Also, the light reflection pattern 10 may be 
formed in such a manner that the grooves 1 1 are dis- 
posed at given intervals, and also the size of the 
grooves 1 1 increases (that is. their width and depth) as 
the grooves 1 1 are separated from the light source lamp 5 
4 as shown in Fig. 5. In this way, even in the case where 
there is provided the light reflection pattern 10 that 
changes in such a manner that the size of the grooves 
1 1 increases gradually as the grooves 1 1 are separated 
from the light source lamp 4, there is substantially no w 
change in the optical characteristic in comparison with 
the light reflection pattern 10 shown in Fig. 10. There- 
fore, taking various conditions such as machining prop- 
erty and so on into consideration, any one of those light 
reflection patterns may be appropriately selected. Also, 75 
two kinds of light reflection patterns 10 shown in Figs. 1 
and 5 may be appropriately combined together. 
[0041] Further, in order to reduce a weight of the 
apparatus, a transparent substrate 2* may be shaped 
substantially in a wedge in section such as the transpar- 20 
ent and spread illuminating apparatus as shown in Fig. 
6. Even in the wedge-shaped transparent substrate 2\ 
the same function as the above mentioned one is 
obtained by forming the light reflection pattern 1 0 result- 
ing from forming grooves 1 1 on the front surface 9 of the 25 
transparent substrate 2* so that the amount of light emit- 
ting from the back surface 8 becomes uniform similarly 
as the light reflection pattern 10 shown in Fig. 1 or 5. 
[0042] In manufacturing the transparent and spread 
illuminating apparatus 1 of the present invention, the 30 
transparent substrates 2 and 2' may be made of a mate- 
rial that allows the light to pass therethrough with a high 
efficiency, and is most preferably made of acrylic resin 
due to its transparency and workability in processing. 
However, in the implementation of the present invention, 35 
the material of the transparent substrates 2 and 2* is not 
limited to acrylic resin, and may be made of various 
thermoplastic transparent resin such as vinyl chloride 
resin, polycarbonate resin, olefin resin, styrene resin or 
the like. Also, thermosetting transparent resin such as 40 
epoxy resin or allyldiglycol carbonate resin, or inorganic 
transparent material such as various glass material may 
be applicable if there is demand. 
[0043] In addition, when producing the transparent 
substrates 2 and 2' it can be carried out by machining 45 
resin material such as cutting or grinding, and in case of 
resin material, although, various molding methods such 
as extrusion molding, thermo-pressure molding or injec- 
tion molding are applicable. The injection molding 
method using resin material is most excellent from the so 
viewpoint of productivity. 

[0044] Also, the lamp reflector 5 and the reflector film 
7 which are structural members of the transparent and 
spread illuminating apparatus 1 of the present invention 
are not essential to the structure of the present inven- ss 
tion, but are effective in prevention of the loss of the light 
to make the efficiency high. The lamp reflector 5 and the 
reflector film 7 may be generally formed of a film result- 



ing from forming a thin film on the surface of a metal 
such as silver or aluminum, a film in which surface is 
coated in white, or a film mixed with a white pigment. 
Instead, a metal plate a surface of which is mirror-pol- 
ished may be used. 

[0045] The reflection type liquid-crystal device 51 
which is a member to be illuminated is structured as 
described with reference to Fig. 10, but the transparent 
and spread illuminating apparatus 1 of the present 
invention is not limited to that structure and applicable to 
various reflection type liquid-crystal devices employing 
the ambient light as illumination. 

(Embodiment) 

[0046] As Embodiment 1 , the luminance of the reflec- 
tion type liquid-crystal device 51 having the transparent 
and spread illuminating apparatus 1 of the present 
invention is measured. 

[0047] The structure of the transparent and spread 
illuminating apparatus 1 is the same as that explained in 
Fig. 1, and the transparent substrate 2 is formed of a 
transparent flat plate made of acrylic resin the entire 
peripheral surface of which is polished (size: 240 mm x 
1 60mm, thickness 3 mm), and the light source lamp 4 is 
disposed at one of longer sides of the transparent sub- 
strate 2 being used as the one side end surface 3. A 
cold cathode fluorescent tube 0 2.3 mm in outer diam- 
eter is used as the light source lamp 4. Then, the light 
source lamp 4 is turned on by invertor with sine waves 
of tube current 3.5 mA and lightening frequency 60 KHz 
(electric power consumption: 1 .5 W). 
[0048] On the front surface 9 of the transparent sub- 
strate 2, the light reflection pattern 10 consisting of a 
large number of grooves 1 1 substantially triangular in 
section which are defined in parallel along the longer 
side of the front surface 9, and a large number of flat 
portions 12 is formed. In each of the grooves 1 1 , a por- 
tion corresponding to an angle of the apex of the groove 
1 1 which is triangular in section, that is, a valley portion 
is formed constantly at 60° , and the angle of inclination 
a is so set as to be continuously changed in a range of 
from 45° to 50 0 from the light source lamp 4 side toward 
the side end surface 6, in accordance with which the 
angle of inclination p is also changed. Then, the depth 
of the groove 1 1 is always set to 1 0 fim, and the pitches 
(distances between the respective adjacent two groove 
1 1) are continuously changed in a range of from 0.45 to 
0.05 mm from the light source lamp 4 toward the side 
end surface 6 side, to thereby change the relative ratio 
in width of the grooves 11 to the flat portions 12 in 
accordance with a distance from the light source lamp 
4. 

[0049] The lamp reflector 5 and the reflector film 7 are 
formed of a PET film on which silver is evaporated. 
[0050] On a back surface of the transparent and 
spread illuminating apparatus 1 thus structured, the 
reflection type liquid-crystal device 51 which is substan- 
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tially identical in size with the transparent substrate 2 is 
disposed. In this example, as a reflection type liquid- 
crystal device 51, what displays is monochromatic 
image is employed. 

[0051 ] In the measurement of luminance, a luminance s 
meter K (made by Topcon Corp., BM-7/the field of view 
1 ° ) is disposed at a position apart by 50 cm from the 
substantial center of the front surface of the transparent 
substrate 2 toward the front surface as shown in Fig. 7, 
and the luminance of a portion displayed in white was 10 
measured in a dark room where the intensity of an 
ambient light is 0. 

[0052] The measurement result was 380 cd/m 2 and 
thus a very high luminance value could be obtained. 
[0053] Then, luminance is measured in a state where is 
the light source lamp 4 is turned off without any change 
in the position of the luminance meter K. 
[0054] As shown in Fig. 8, a spot light source L1 is dis- 
placed at a position apart from a position by 30 °, at 
which the luminance is measured by the luminance 20 
meter K, and the illumination of the front surface 9 was 
measured by an illuminometer M (made by Minolta Co., 
Ltd. T-1M) while changing the brightness of the spot 
light source L1 . In addition, the luminance of a screen 
was measured by the luminance meter K in a state 25 
where the illuminometer M was- removed. 
[0055] Finally, for comparison, the transparent and 
spread illuminating apparatus 1 of the present invention 
was removed, and the same measurement was carried 
out with only the reflection type liquid-crystal display 30 
device 51 . 

[0056] The measurement results are shown in Fig. 9. 
As is apparent from a table of Fig. 9, compared with a 
case in which only the reflection type liquid-crystal 
device 51 was provided, in a case where the transpar- 35 
ent and spread illuminating apparatus 1 of the present 
invention was disposed on the observation face F, 
although the slight deterioration of luminance was con- 
firmed, such deterioration of luminance as that extent 
causes no problem in practical use. Also it was con- 40 
firmed that the illumination of the screen using the ambi- 
ent light was not impeded even in a case where the 
transparent and spread illuminating apparatus 1 was 
attached. 

[0057] Further, in the case where the luminance was 45 
measured in an extremely bright environment such as 
the ambient light 1500 Ix, as is apparent from Fig. 9, the 
luminance is about 300 cd/m 2 . As described above, in 
the case where the light source lamp 4 in the transpar- 
ent and spread illuminating apparatus of the present so 
invention was turned on in the dark room where the 
intensity of ambient light is 0, it was confirmed that the 
display quality of the reflection type liquid-crystal device 
51 could be greatly improved because the luminance 
was 380 cd/m 2 . - ss 
[0058] As Embodiment 2, the light reflection pattern 
1 0 of the transparent and spread illuminating apparatus 
1 of the present invention was formed in a pattern differ- 



ent from that in Embodiment 1 . 
[0059] The light reflection pattern 1 0 is designed in 
such a manner that, as shown in Fig. 5, the grooves 1 1 
are formed in triangle in section, a portion correspond- 
ing to an angle of the apex of the groove 1 1 , that is, a 
valley portion is formed constantly at 60 0 , and the 
angle of inclination a is set so as to be continuously 
changed in a range of from 45 0 to 50 0 from the light 
source lamp 4 side toward the side end surface 6 in 
accordance with which the angle of inclination p is also 
changed (The angles of inclination are set as Embodi- 
ment 1). 

[0060] Then, the pitches of the grooves 1 1 are always 
set at 0.5 mm, and the width of the grooves 1 1 is contin- 
uously changed in a range of from 0.01mm to 0.1 mm 
from the light source lamp 4 toward the side end surface 
6, to thereby change the relative ratio in width of the 
grooves 1 1 to the flat portions 12 in accordance with a 
distance from the light source lamp 4. 
[0061 ] The other structures are identical with those in 
Embodiment 1 . 

[0062] In the transparent and spread illuminating 
apparatus thus structured, the luminance and illumina- 
tion were measured in the same conditions as those in 
Embodiment 1 . The results were the same as those in 
Embodiment 1 . 

[0063] In addition, as Embodiment 3. the transparent 
substrate 2' of the transparent and spread illuminating 
apparatus 1 of the present invention, which is different 
in configuration from that in Embodiment 1 , is prepared. 
[0064] In other words, as shown in Fig. 6, a wedge- 
shaped transparent acrylic resin plate (size: 240 mm x 
160 mm, the thickness is continuously changed in a 
range of from 3mm to 1 mm) is used as the transparent 
substrate 2\ 

[0065] The other structures are identical with those in 
Embodiment 1 . 

[0066] In the transparent and spread illuminating 
apparatus thus structured, the luminance and illumina- 
tion were measured in the same conditions as those in 
Embodiment 1 . The results were substantially the same 
as those in Embodiment 1 . From the above measure- 
ment result, the angle of inclination a is preferably 45 0 
to 50 °, however, there is no problem in practical use in 
the case where the above angle is about 35 0 to 55 °. 
[0067] As was described above, according to the first 
aspect of the present invention, the illuminating appara- 
tus disposed so as to cover a surface of the member to 
be illuminated is structured in such a manner that a light 
source lamp is disposed closely along at least one side 
end surface of a transparent substrate made of a trans- 
lucent material, a large number of grooves which are 
substantially triangular in section are formed on the 
front surface of the transparent substrate in parallel with 
an axial direction of the light source lamp to provide a 
light reflection pattern, and the amount of light caused 
by the reflection at said grooves and the amount of light 
depending on a distance from the light source lamp are 
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adapted to be combined to become equal everywhere 
on the entire back surface of the transparent substrate. 
With this structure, the light emitted from the light 
source lamp may progress in the transparent substrate 
and also go out from the back surface and enter the 
member to be illuminated, thus being capable of illumi- 
nating a screen therewith. Also, since the transparent 
substrate is made of translucent material, an image can 
be observed even in the case where the transparent 
substrate is disposed so as to cover the surface of the 
member to be illuminated, and such a structure is con- 
veniently portable since the transparent substrate is 
integrated with the member to be illuminated. 
[0068] According to the second aspect of the present 
invention, since the member to be illuminated is made 
of a reflection type liquid-crystal display device, an 
image can be illuminated more clearly by turning on the 
light source lamp of the transparent and spread illumi- 
nating apparatus of the present invention in the case 
where the ambient light is insufficient. 
[0069] According to the third aspect of the present 
invention, the light reflection pattern is designed in such 
a manner that the ratio in width of the grooves and the 
flat portions becomes larger as the position of the 
grooves to be formed is separated from the light source 
lamp when the depths of the respective grooves are 
constant and the depths of the grooves become deeper 
as the grooves are apart from the light source lamp 
when the widths of the flat portions are constant, or the 
light reflection pattern is formed by combining the above 
with each other. As a result, the amount of light caused 
by the reflection at the grooves and the amount of light 
depending on a distance from the light source lamp can 
be adapted to be combined to become constant every- 
where on the entire back surface of the transparent sub- 
strate, and the machining is relatively easy. 
[0070] According to the fourth aspect of the present 
invention, since the light reflection pattern is formed in 
such a manner that the widths of the grooves are 1.5 
times as large as the widths of the flat portions, or less, 
the width of the flat portions is larger than the width of 
the grooves. Therefore, this causes no impedance to 
the illumination of the observation face using the ambi- 
ent light in the reflection type liquid-crystal display 
device. As a result, since the screen can be observed in 
a state where the light source lamp is turned off in an 
environment when the surroundings are bright and the 
ambient light is sufficient, a low electric power con- 
sumption can be realized. 

[0071] According to the fifth aspect of the present 
invention, since the grooves are formed in such a man- 
ner that an angle of inclination of one inclined face of the 
grooves which is closer to the light source lamp is set at 
35 ° to 55 0 , and an angle of inclination of the other 
inclined face of the grooves which is opposite to the one 
inclined face is set at 60 ° to 90 °. As a result, a large 
number of light entering the grooves can go out from the 
back surface, leading to a high efficiency. 



[0072] According to the sixth aspect of the present 
invention, since the grooves are formed in such a man- 
ner that the angles of valley portions which correspond 
to the angles of the apex of the grooves which are trian- 

5 gular in section are constant, the grooves can be 
machined by cutting with diamond turning tool, thereby 
making the manufacture easy. 
[0073] According to the seventh aspect of the present 
invention, since the intensity of light emission from said 

w light source lamp is adjustable, the power consumption 
can be reduced by adjusting the intensity of emission of 
the light source lamp in accordance with the amount of 
the ambient light. 

[0074] The foregoing description of the preferred 
is embodiments of the invention has been presented for 
purposes of illustration and description. It is not 
intended to limit the invention to the precise form dis- 
closed, and modifications and variations are possible in 
light of the above teachings or may be acquired from 
20 practice of the invention. The embodiments were cho- 
sen and described in order to explain the principles of 
the invention and its practical application to enable one 
skilled in the art to utilize the invention in various 
embodiments and with various modifications as are 
25 suited to the particular use contemplated. It is intended 
that the scope of the invention be defined by the claims 
appended hereto, and their equivalents. 

Claims 

30 

1. A transparent and spread illuminating apparatus 
which is an illuminating apparatus disposed closely 
to a member to be illuminated so as to cover a front 
surface of the member to be illuminated, character- 

35 ized in that: 

a light source lamp is disposed closely along at 
least one side end surface of a transparent 
substrate made of a translucent material; 

40 a large number of grooves which are substan- 

tially triangular in section are formed in paralle 
with an axial direction of said light source lamp 
to provide a light reflection pattern consisting of 
said grooves and flat portions; and 

45 said grooves are defined in such a manner that 

the combined amount of of light being caused 
by the reflection at said grooves and depending 
on a distance from said light source lamp 
become identical everywhere on the back sur- 

so face of said transparent substrate. 

2. A transparent and spread illuminating apparatus as 
claimed in claim 1 , wherein said member to be illu- 
minated comprises a reflection type liquid-crystal 

55 display device. 

3. A transparent and spread illuminating apparatus as 
claimed in claim 1 or 2, wherein said light reflection 
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pattern is designed in such a manner that the ratio 
in width of said grooves and sard flat portions 
becomes larger as said grooves are apart from the 
light source lamp when the depths of the respective 
grooves are constant, and the depths of the 5 
grooves become deeper as the grooves are apart 
from the light source lamp when the widths of the 
flat portions are constant, or by their combination. 



4. A transparent and spread illuminating apparatus as 10 
claimed in claim 3. wherein said light reflection pat- 
tern is formed in such a manner that the widths of 
said grooves are 1 .5 times as large as the widths of 
said flat portions, or less. 

15 

5. A transparent and spread illuminating apparatus as 
claimed in any one of claims 1 to 4, wherein said 
grooves are formed in such a manner that an angle 
of inclination of one inclined face of the grooves 
which is closer to the light source (amp is set at 35 20 
0 to 55 0 , and an angle of inclination of the other 
inclined face of the grooves which is opposite to 
said one inclined face is set at 60 0 to 90 °. 



6. A transparent and spread illuminating apparatus as 25 
claimed in any one of claims 1 to 5. wherein said 
grooves are formed in such a manner that the 
angles of valley portions which corresponds to the 
angles of the apex of the grooves which are triangu- 
lar in section are constant 30 



7. A transparent and spread illuminating apparatus as 
claimed in any one of claims 1 to 6, wherein the 
intensity of light emission from said light source 
lamp is adjustable. 35 
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